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ABSTRACT: Throughout the years, colorectal cancer has steadily become a global health problem. While other 
types of cancers have seen a decline in cases because of screening and vaccination programs, colorectal cancer has 
risen become the third most diagnosed cancer worldwide and, more worryingly, the second leading cancer-related 
cause of death. The introduction of targeted therapy has been widely considered a major paradigm shift in the 
treatment of colorectal cancer, which agents such as bevacizumab and cetuximab quickly becoming mainstay options 
in the treatment of locally advanced or metastatic disease. However, this type of treatment has also shown its 
limitations, with limited or no benefit for a large portion of the patients. With more and more knowledge being 
gathered on the molecular mechanisms which govern the malignant phenotype presented by colorectal cancer, 
scientists are engaged in a continuous effort to develop new therapies based on these discoveries. 
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Introduction 
With the advent of targeted therapy almost 

two decades ago, the landscape in oncology has 
changed dramatically. 

Many forms of cancer which were previously 
considered very difficult to treat or even 
untreatable became easier to control with major 
benefits for patients in terms of overall survival 
(OS), progression-free survival (PFS) and 
quality of life (QoL). 

More importantly, the existence of alternative 
options besides the classic approaches such as 
chemotherapy, radiotherapy and surgery meant 
that patients who were unable to follow these 
treatments due to added toxicities, treatment 
resistance or comorbidities were gifted with new 
treatment opportunities. 

These new approaches could be used in 
monotherapy or combined with the 
aforementioned classic treatments, thus catering 
to a larger number of patients than previously 
available. 

Colorectal cancer was one of the main 
beneficiaries of the introduction of targeted 
therapy, mainly because several discoveries 
were made about the molecular mechanisms 
which are largely responsible for the malignant 

phenotype displayed by the tumor (progression 
patterns, invasiveness, reduced apoptosis, 
angiogenesis and metastatic potential). 

New laboratory techniques such as 
immunohistochemistry (IHC), quantitative 
polymerase chain reaction (qPCR), 
chromogenic/fluorescence in situ hybridization 
(CISH/FISH) and next generation sequencing 
(NGS) have proven extremely valuable for 
detecting these molecular aberrations. 

Several biomarkers such as the tyrosine 
kinase receptors (TKR): Epithelial Growth 
Factor Receptor (EGFR), Vascular Endothelial 
Growth Factor Receptor (VEGFR) and signal 
transduction kinases such as K-RAS, BRAF or 
most recently the Microsatellite Instability 
(MSI)/DNA Mismatch Repair (MMR) status or 
expression of p53 and linked targeted genes 
have been confirmed to play major roles in the 
evolution of colorectal cancer and, as such, have 
been become the focal point of the development 
of novel drugs. 

Despite this, colorectal cancer (CRC) 
continues to be one of the leading causes of 
cancer-related deaths (9.2%), with over 
1.000.000 new cases being discovered each year 
and over 500.000 deaths in the year 2018 [1]. 
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Out of all the newly discovered patients, 25% 
are diagnosed with a metastatic disease while 
40% will develop metastasis within the 
following year [2]. 

Despite the addition of several new 
therapeutic agents, 5 year survival for patients 
with metastatic colon cancer remains very low, 
just under 15%. 

These numbers underscore the importance of 
discovering new treatments options which could 
be used to improve survival rates and the QoL of 
patients suffering from this disease. 

The purpose of this review is to analyze new 
treatments which have been recently added into 
clinical practice or are currently evaluated in 
phase I/II clinical trials. 

Immunotherapy 

Checkpoint inhibitors 
Two anti PD-1 agents known as Nivolumab 

and Pembrolizumab have recently received 
approval for usage in patients suffering from 
mCRC with MSI-high (H) status which have 
previously progressed under oxaliplatin or 
irinotecan-based chemotherapy. The Checkmate 
142 clinical trial has shown that 3mg/kg of 
Nivolumab biweekly produced an Overall 
Response Rate (ORR) of 31% and a stable 
disease rate (SDR) of 69% in a group of 
72 heavily pretreated patients with mCRC [3]. 

Keynote 164 is a recent phase II clinical trial 
with ORR as its primary endpoint. In this study, 
61 patients with mCRC with 2 previous lines of 
treatment were given 200mg of Pembrolizumab 
every three weeks. ORR was just reported in just 
over a quarter of the patients while SDR was 
51% [4]. 

Given the encouraging results obtained in 
monotherapy several attempts were made to 
combine immunotherapeutic agents with other 
immune-based approaches or targeted therapy. 
As such, a study involving the combination 
between Nivolumab (3mg/kg) and the anti-
CTLA 4 antibody Ipilimumab (1mg/kg) in 
patients with MSI-H mCRC presented an ORR 
of 50%, a SDR of 80% while the OS and PFS 
endpoints were not reached [5]. 

This shows that the combination between the 
two immunotherapeutic agents presented 
improved results when compared to the previous 
clinical trials where patients received 
Nivolumab in monotherapy. 

Unfortunately, another arm of this study with 
the combination of Nivolumab+Ipilimumab on 
patients with MSS (microsatellite stability) 

presented no benefit in terms of ORR (0%) and 
similarly abysmal PFS (1.3 months) and OS 
(3.73 months) [5]. 

This further underscores the fact that 
immunotherapy caters for only a very specific 
niche of patients, with little to no benefit for the 
others which make up the bulk of the mCRC 
cases. 

To counter this problem, a phase III study 
including 363 patients, 95% of them having 
MSS, investigated the effect of the combination 
between the immunotherapeutic agent 
atezolizumab and the MEK inhibitor 
cobimetinib versus atezolizumab in 
monotherapy versus regorafenib for locally 
advanced or mCRC. 

Discouragingly, this combination failed to 
meets its endpoints in terms of OS, PFS and 
ORR [6]. 

The combination between atezolizumab and 
the well-studied VEGF inhibitor bevacizumab 
was also tested on 84 MSI-H patients to see if 
it’s safe and efficient. The results were 
encouraging with a 30% ORR and a 90% SDR. 
However, larger studies are required to confirm 
that this is, indeed, a strong option versus single 
immune therapy for MSI-H patients [7]. 

Other immunotherapeutic approaches 
RG7802 is an antibody which simultaneously 

binds to CEA on CRC cells and the CD3 
receptors found on the surface of T cells, thus 
increasing T cell infiltration in the tumor. 

Two separate phase I trials investigating the 
effect of RG7802 alone or in combination with 
atezolizumab found out that the antibody was 
well tolerated with minimum side effects. 

However, in terms of SDR, preliminary 
results have only shown a 25% ratio. As the 
trials are ongoing further details are expected to 
be presented this year (NCT02650713) 
(NCT02324257).  

Viral therapy has also been widely explored 
in CRC throughout the last two decades.  

The principle of genetically engineering a 
virus to detect and infect only specific cells of 
the body, in this case cancer cells, is not a new 
approach. 

Several genetically engineered viruses 
designed to recognize different cancer-specific 
antigens (CEA, Ep-CAM) have been tested in 
phase I clinical trials. 

The main viruses types used were 
adenoviruses [8], vaccinia viruses [9], retrovirus 
[10] or the avipox virus [11,12]. 
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BRAF V600E 
While the discovery of the role of the BRAF 

signaling pathway and BRAF V600E mutation 
and its subsequent inhibition through either 
monotherapy with dabrafenib and vemurafenib 
or alongside the MEK inhibitor trametinib has 
had a major impact on treatment of melanoma 
patients, this progress could not be replicated in 
the case of CRC patients harboring the same 
genetic alteration. Given that 5-10% of CRC 
patients present this mutation, several clinical 
trials have analyzed the potential of inhibiting 
this signaling pathway using anti-BRAF 
medication. A clinical trial from 2015 which 
enrolled 35 mCRC patients used the 
combination of Dabrafenib, Trametinib 
alongside the anti-EGFR antibody panitumumab 
[13]. The ORR for this study was 26% while 
SDR ratio was 83%. Another phase I clinical 
trial tested the efficacy of vemurafenib alongside 
cetuximab and the chemotherapeutic agent 
irinotecan versus cetuximab and irinotecan in 
21 previously-treated patients who presented the 
BRAF V600E mutation. PFS was 4.4 months in 
the experimental arm versus 2 months in the 
control group [14]. ORR was 16% and SDR was 
67% in the experimental group in stark 
comparison to the doublet arm where ORR was 
4% and SDR was SDR 4%. A large phase III 
clinical trial named BEACON-CRC with 3 arms 
where patients received either encorafenib plus 
binimetinib plus cetuximab versus encorafenib 
and cetuximab versus irinotecan/FOLFIRI 
alongide cetuximab in patients with CRC. The 
preliminary results presented in 2019 showed a 
mOS of 15.3 months, while PFS was 8.0 months 
and ORR 48% making this triple combination 
substantially better in comparison to historical 
data [15]. 

RAS 
Undoubtedly, given that almost 50% of CRC 

patients harbor the RAS mutation at diagnosis 
which renders anti-EGFR medication 
ineffective, large efforts have been made to 
overcome this major negative prognosis factor. 
Unfortunately, inhibiting the RAS gene has been 
widely unsuccessful mainly due to crosstalk 
between the RAS and MAPK pathways which 
would render RAS inhibition redundant [16]. 
Several clinical trials targeting well-known 
points in the MAPK pathways such as IP3K or 
mTOR have failed to present any clinically 
significant results [16]. A logical step for 
overcoming this is by inhibiting the MEK 
pathway which is situated downstream from the 

RAS one. However single MEK inhibition has 
presented non-superior clinical results in studies 
and as such, was not considered for induction 
into larger, phase II/III clinical trials [17,18]. 
Another strategy was to inhibit the CDK4/6 
complex, responsible for regulating the FOXM1 
transcription factor, which is also one of the key 
promoters of proliferation in KRAS-mutant 
CRCs [19-21]. The combination between a 
MEK inhibitor and a CDK4/6 palbociclib has, so 
far, produced encouraging results in a in vitro 
and in vivo preclinical study [18,22]. SDR was 
33% and 9 of the 15 patients presented reduced 
uptake as a result of reduced metabolic activity, 
as observed by a PET-scan. 

HER2 
While anti-HER2 treatment is considered a 

staple in breast cancer where its amplification 
occurs more frequently, few studies have 
analyzed the extent and importance of HER2 in 
CRC. More recently, this subject has garnered 
attention due to the fact that around  
3-5% patients present this amplification.  
A phase II study with 27 patients with 
immunohistochemical confirmation of HER2 
who were previously treated with at least 2 lines 
of treatment were given a combination of 
lapatinib and trastuzumab. Almost three quarters 
of the patients presented no disease progression 
while ORR was 30% [23]. Another phase II 
study involving two anti-HER2 agents: tucatinib 
and trastuzumab has started in 2017 and is still 
ongoing (NCT03043313). 

Natural compounds 
CRC and, to a larger extent, gastrointestinal 

cancers are, undoubtedly, considered the most 
diet-linked types of cancer. Dietary habits 
consisting of high quantities of red meat, 
processed meat or low quantities of fibers 
derived from fruits or vegetables have been 
incriminated as key factors in the development 
of CRC for a long time [24] while diets rich in 
fruits, grains or vegetables have been regarded 
as being able to reduce CRC incidence. With the 
advent of globalization and an increase in 
availability of products which were previously 
part of ethnic or local diets, it stands to reason 
that the scientific community has invested a lot 
of effort in uncovering dietary elements with 
potential anti-cancer proprieties. Two natural 
compounds have stood out in the past years: 
curcumin and quercetin.  

Curcumin is isolated from the Curcuma longa 
(turmeric) plant, an herb native to continental 
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India. Curcumin has been used for over 
2000 years as a spice, a dye for clothing and as 
an integral part of ayurvedic medicine for the 
treatment of different ailments such as 
infections, allergies, burns or rheumatoid 
arthritis [25]. In the past years, curcumin has 
been studied in many in vivo or in vitro trials for 
its antiseptic, antioxidant, anti-inflammatory or 
even antineoplastic properties [26,27]. The 
effect of curcumin was tested in a clinical setting 
alongside well established treatments such as 
chemotherapy. A study of 29 patients with 
mCRC involved the usage of MB-6 (a mixture 
of several plant extracts including curcumin) 
alongside 5-FU and oxaliplatin. The study 
reported an increase in PFS and a reduction in 
adverse effects for patients who received  
MB-6 [28]. Another double blind, randomized 
study analyzed the effect of curcumin as a 
dietary supplement before surgery for CRC. The 
experimental arm where curcumin was 
administered three times a day presented lower 
levels of p53, a depletion of TNF-α serum levels 
and increased apoptosis within the tumor [29]. 
Several clinical trials are currently underway to 
determine the efficacy of curcumin alongside 
irinotecan (NCT01859858) and even alongside 
targeted therapy with bevacizumab plus 
FOLFIRI for patients with inoperable mCRC 
(NCT02439385). 

Quercetin (3,3',4', 5,7-pentahidroxyflavone) 
is another natural compound used in the 
treatment of cancer. The substance is capable of 
reducing mutant p53 levels, inducing cell death 
[30], can block cancer cell replication by 
arresting the process within the G1 phase [31], 
can bind estrogen receptors, and can reduce 
RAS and PI3K protein expression which are 
integral for downstream signaling in cancer 
cells, especially in CRC [32,33]. In a large 
study, 1456 patients receiving six flavonoids 
(including quercetin) experienced significantly 
lower levels of CRC at the end of the study in 
comparison to the patients in the control group 
[34]. Another study pointed out that increased 
intake of quercetin significantly reduces the risk 
of proximal colon cancer while reduced dietary 
intake increases the risk of distal CRC [35]. So 
far, no clinical trials evaluating the effect of 
quercetin for the treatment of colon cancer are 
available. 

P53 gene mutation 
Tp53, which encodes the p53 tumor 

suppressor protein, is the most common genetic 
mutation in neoplasia and is present in a 

proportion of 60% in colorectal cancer [36]. The 
presence of mutant p53 promotes the survival of 
cancer cells and is associated with ineffective 
and unfavorable therapeutic responses, playing a 
key role in the development and progression of 
neoplastic processes [37](Fig.1). 

The majority of cancer do not express the p 
53 function. This occurs due to either defects in 
the mechanisms involved in activating p53 or 
due to a mutation of the p53 gene itself (Fig.2). 
Even though reactivating p53 gene can restrict 
tumor growth, it has not yet been achieved 
therapeutically. A series of new studies have 
concentrated on discovering new pathways that 
can be used to stop the growth or killing the p53 
mutated cells [38]. 

Thus, many studies have attempted to 
demonstrate the relationship between p53 and 
target genes to be the subject of study for new 
therapeutic strategies. Making the efforts to 
interconnect p53 and miR-29c-3p, the  
miR-29c-3p gene has been shown to contain a 
p53 response which is driven by p53 
transcription factor activity, demonstrating that 
miR-29c-3p is the p53 target gene directly. This 
study also demonstrated that the reduction the 
migration and invasion of colon cancer cell by 
miR-29c-3p was significantly reduced in the 
presence of PHLDB2, demonstrating that 
PHLDB2 is a critical target of miR-29c-3p, 
being associated with a significant reduction of 
global survival and progression-free survival of 
patients with colon cancer [39]. 

Another study drew attention to the  
HNF1A-AS1 gene demonstrating the 
implication of this in the metastatic progression 
of colon cancer by means of the miR-34a/p53 
signaling axis, thus establishing its application 
as a new prognostic biomarker and a potential 
new target therapeutic [40]. 

The study led by Nakayama M revealed that 
missense mutations of p53 combined with wild 
type p53 deficiency accelerated progression of 
the final stage of colorectal cancer by activating 
two pathways: oncogenic and inflammatory. 
Therefore, medical world is hoping that the 
suppression of mutant p53 function is going to 
be a great and effective strategy against 
progression of colorectal cancer [36]. 

The expression of the p53 protein was also 
evaluated in the present study, including 
20 patients with colorectal cancer, revealing 
varied response to anti-p53 antibodies, with both 
negative and highly positive results, 
demonstrating the variability of the Tp53 gene 
mutation in colorectal cancer. 
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Fig.1. Image of adenocarcinoma with intense 
positive reaction to p53 (Anti-p53 antibody 

immunostaining, ×200) 

 
Fig.2. Image of adenocarcinoma with negative 

reaction to p53, ×200 

Vascular Endothelial Growth Factor 
(VEGF) 

Vascular Endothelial Growth Factor is 
known to be the most important promoter of 
angiogenesis which is the formation of new 
blood and lymph vessels, therefore playing an 
important nutritional support for malignant 
tumors growth and metastasis. Nowadays, due to 
the numerous trials that demonstrated improved 
outcomes in terms of overall survival at patients 
treated with a combination of chemotherapy and 
anti VEGF, bevacizumab is now considered the 
standard of care in metastatic left colon and 
rectal cancer with mutant RAS gene [41-42]. 

Recently, a new study introduced a new drug 
regimen, thalidomid, demonstrating that 
thalidomid inhibits the expression of VEGF and 
hypoxia-inducible factor 1, the latter being 
directly involved in angiogenesis stimulation in 
hypoxic conditions, promoting VEGF 
transcription [43-44]. It has also stated that the 
combination of thalidomid and oxaliplatin can 
become the new therapy strategy for advanced 
colon and rectal cancer [44]. 

In our study, we tried to analyze the ability of 
tumor cells to stimulate angiogenesis by 
investigating specific biomarkers such as VEGF A 
and VEGF C, with intense positive reaction in well 
and moderate differentiated tumors, and negative 
response in poorly differentiated ones (Fig.3,4). 

 

Fig.3. Moderate differentiated adenocarcinoma 
with positive VEGF-A expression, ×200 

 

Fig.4. Image of adenocarcinoma with negative 
VEGF-A expression, ×200 

Cytokeratines 7 and 20 
The most conclusive cytokeratines used in 

immunohistochemistry for colorectal cancer are 
cytokeratines 7 and 20 (Fig.5,6). Numerous 
studies have concluded that the typical profile of 
colorectal cancer is CK7 negative and CK20 
positive. A recent study supports this 
information, publishing data of only 95% CK7 
negative and 100% CK 20 positive in colorectal 
cancer patients, being the most useful markers in 
differential diagnosis in metastatic colon or 
ovarian adenocarcinoma [45]. 

In many cases, distinguishing metastatic from 
primary tumors can be very difficult, but 
immunohistochemistry markers come in rescue 
and decide the correct diagnosis and therefore 
help oncologists to implement the right 
treatment option. This was the case presented by 
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Kojima S with ovarian and rectal metastasis of 
colon cancer, a diagnosis sustained by the 
immunopositivity for cytokeratines CK7-and 
CK 20 [46]. Also, the rare case of a patient with 
transverse colon cancer with metastasis of both 
ovaries and left breast was presented by Luo 
XY, highlighting the role of cytokeratines in the 
diagnosis, with the same pattern of negative 
CK7 and positive CK20 [47]. 

Our study demonstrated the same pattern of 
immunohistochemical staining for colorectal 
adenocarcinoma with negative expression of 
CK7 and positive expression of CK20, 
demonstrating the role of these biomarkers in 
establishing the diagnosis of certainty necessary 
for the initiation of the proper treatment regime. 

 

 

Fig.5. Image of adenocarcinoma with a negative 
raction to CK7 (Anti-CK7 antibody 

immunolabeling, x200) 

 

Fig.6. Image of colon adenocarcinoma with a 
positive reaction to CK20 (Anti-CK20 antibody 

immunolabeling, x200) 

Conclusions 
As CRC continues to prevail as one of the 

leading causes of cancer diagnosis and death in 
the world, the pressure to improve the prognosis 
and QoL for the patients suffering from this 
disease through the discovery of new diagnostic 
tools and therapeutic agents is ever increasing. 

The evolution of the genomic landscape 
through novel sequencing techniques has 

uncovered major clues about the key 
mechanisms behind the development of CRC. 
More importantly, this knowledge was used to 
develop and tailor state of the art therapies in 
accordance with specific genetic key points. 
However, despite these discoveries, survival for 
patients suffering from mCRC has remained 
quite grim, with some biomarkers, such as the 
RAS mutation playing a major role in limiting 
the potential of therapeutic options. Other 
treatment options, such as immunotherapy or 
anti-BRAF agents have proven effective only for 
a very small percentage of patients, having a 
very limited or even a non-existent contribution 
for the vast majority of patients. 

Constant refinement of current techniques 
and the discovery of new ones are required to 
better understand the molecular intricacies 
behind the evolution of CRC. However, a 
change in the mentality is begging to prevail, 
with more and more professionals embracing the 
idea that individual biomarkers are as important 
to the diagnosis and treatment as the localization 
and histological aspect of the tumor. 
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